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© Polyurethane foam-filled containers and methods of making them. 



(57) Disclosed herein is a polyurethane foam-filled 
container of the type wherein the cavity is filled 
with polyurethane foam of open-cell structure, 
characterized in that the foam is filled in com- 
pressed state and the compression is effected 

- in the direction of the minor axis of the unit cell 
constituting the foam. The container is suitable 
as fuel tanks and ink and paint reservoirs. Also 
disclosed herein is a method for filing 
polyurethane foam into a container. 
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The present invention relates to a container filled 
with polyurethane foam in a compressed state to store 
and supply a liquid such as fuel, paint, or ink, said con- 
tainer having a cavity capable of uniformly storing, 
holding, and discharging a liquid. 5 

The present invention also relates to a method for 
filling a liquid container with polyurethane foam in uni- 
formly compressed state. 

Conventional containers holding fuel or other liq- 
uid pose a problem when they are in motion during 10 
use. The problem is associated with the movement of 
the liquid to one end of the cavity, which changes the 
center of gravity of the liquid and causes sloshing. 
They also have a disadvantage that the discharging 
rate of liquid (e.g., fuel) varies depending on the is 
amount of liquid in the cavity. To address this problem, 
there has been proposed a means to prevent the 
movement of liquid in the cavity by filling the cavity 
with polyurethane foam of open-cell structure. (See 
US-A-4771295) 20 

According to the disclosed prior art technology, 
the cavity of a container is filled with polyurethane 
foam of open-cell structure, so that liquid is stored In 
the cells of the foam. This arrangement prevents the 
liquid from moving bodily in the cavity even when the 25 
container is in motion, and also permits the liquid to 
be discharged uniformly irrespective of the amount of 
liquid in the container. 

However, the prior art technology still suffers 
from a disadvantage in that the foam cells in the cavity 30 
do not hold the liquid steadily but permit the liquid to 
move in the foam when the container is in motion. 
Moreover, the foam cells do not ensure the uniform 
discharging of the liquid. 

The general problem addressed herein is to pro- 35 
vide novel foam-filled containers and methods of 
making them. 

A preferred aim is to improve the liquid- holding 
characteristics of such a container. 

The present invention is embodied in a polyur- 40 
ethane foam-filled container of the type wherein the 
cavity is filled with polyurethane foam of open - cell 
structure, characterized in that the foam is filled in the 
compressed state and the compression is effected 
substantially in the direction of the minor axis of the 45 
unit cell constituting the foam. 

The polyurethane foam used in the present inven- 
tion is flexible polyurethane foam, which may vary in 
physical properties, cell size, and compression ratio 
depending on the kind of the liquid to be held in the so 
container. 

The polyurethane foam desirably has a cell num- 
ber of 20 to 1 00 per inch, preferably 30 to 60 per inch(8 
to 40 per cm, preferably 12 to 24 per cm), a density of 
0.01 0 to 0.070 g/cm3, preferably 0.020 to 0.040 g/cm3, 55 
a void volume of 93 to 99%, preferably 96 to 98%. The 
foam compression ratio should be 1/1 to 1/10, prefer- 
ably 1/2 to 1/10, more preferably 1/2 to 1/5. 



If the cell number is below 50/inch (20/cm), the 
preferred compression ratio is 1/2 to 1/10. If the cell 
number is higher than 50/inch, the preferred compres- 
sion ratio is 1/1 to 1/5, more preferably 1/2 to 1/5. 

The polyurethane foam specified above may 
have cell membrane unremoved. However, poly- 
urethane foam of open cell str ucture with no cell mem- 
branes is preferable. An open-cell polyurethane foam 
(or reticulated polyurethane foam) with no cell mem- 
branes may be obtained by any known method, in- 
cluding the dipping of foam in an aqueous alkaline sol- 
ution or the breaking of cell membranes by explosion. 

The polyurethane foam is filled into the cavity of 
the container in such a manner that the foam is com- 
pressed in the direction of the minor axis of the unit 
cell. This compression may be accomplished mech- 
anically or thermally for permanent deformation. 

We have found that when the polyurethane foam 
filled into the cavity of the container is compressed in 
the direction of the minor axis of the unit cell, it is pos- 
sible to achieve a stronger capillary action than with 
foam which is merely filled into the cavity without com- 
pression. The stronger capillary action reduces the 
movement of liquid in the cavity when the container is 
in motion and yet permits liquid to be discharged uni- 
formly. 

Since individual cells of polyurethane foam are 
generally oval rather than spherical, as seen by micro- 
scopic observation, the polyurethane foam will pro- 
duce uneven capillary action if It is compressed in the 
direction of the major axis of oval. The uneven capil- 
lary action hinders the uniform discharging of liquid. 
Therefore, it is necessary to compress the polyur- 
ethane foam uniformly by performing compression in 
the direction of the minor axis of the unit cell. 

The liquid container filled with polyurethane 
foam, which is compressed in the direction of the mh 
nor axis of the unit cell as mentioned above, offers the 
following advantages. Compression brings individual 
cells close together so that individual cells produce a 
stronger capillary action which helps the polyur- 
ethane foam to hold liquid stably even when the con- 
tainer is in motion. The compressed polyurethane 
foam prevents the rapid leakage of liquid when the 
container is broken. This contributes to safety. 

Polyurethane foam-filled containers of the pres- 
ent type may find use as a fuel container (for gaso- 
line), ink container (for office machines), or paint con- 
tainer. The compressed polyurethane foam in the con- 
tainer enables storage and smooth discharge of liquid 
owing to the capillary action of the foam. It will also 
find use for other purposes, owing to its characteristic 
properties. 

For the polyurethane foam-filled container to ex- 
hibit its full effect as mentioned above, it is desirable 
to carry out compression in a specific manner. Simple 
compression may well result in uneven compression 
that appears as streaks, and these streaks cause liq- 
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uid to flow along them. 

We have been able to achieve good results by a 
first step of compressing polyurethane foam in a cer- 
tain amount along guides in the direction of the minor 
axis of the unit cell, and a second step of moving the 5 
compressed polyurethane foam in the direction vert- 
ically perpendicular to the direction of compression in 
the first step, thereby filling the compressed polyur- 
ethane foam into a container along guide pieces on 
the inner wall of the container. 10 

The above-mentioned method may advanta- 
geously be modified such thatthe first step is followed 
by an additional substep of slightly adjusting the 
amount of compression in the direction horizontally 
perpendicular to the direction of compression in the 15 
first step. 

Guide and guide piece desirably have low-friction 
surfaces e.g. a coating layer of a resin having a low 
coefficient of friction, and a preferred example of the 
resin is a f I uoro plastic. 20 

The above-mentioned method is intended to 
specify the direction of compression, thereby filling a 
container with a compressed polyurethane foam 
which is completely free from wrinkles. In other words, 
it specifies the direction and sequence of compres- 25 
sion and pushing to facilitate the filling of the foam into 
a container. Thus the method of the described above 
permits polyurethane foam to be uniformly filled into 
a container. 

According to the method as described, the filling 30 
of polyurethane foam into a container is accomplished 
by two steps which differ in the direction of compres- 
sion and pushing. This method is effective in the uni- 
form filling of polyurethane foam into a container. The 
resulting polyurethane foam-filled container may be 35 
used as a fuel container, in which case the fuel is re- 
lieved from vigorous sloshing and the fuel is dis- 
charged smoothly at a constant rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

Fig. 1 is a partly cutaway perspective view show- 
ing a fuel container; 

Fig. 2 is a fragmentary sectional view showing a 
reticulated polyurethane foam; 45 
Fig. 3 is a fragmentary sectional view showing the 
polyurethane foam in compressed state; 
Fig. 4 is a perspective view showing a jig used for 
compressing polyurethane foam in one embodi- 
ment of the present invention; so 
Fig. 5 is a side view showing how the final step 
of the first embodiment is carried out; 
Fig. 6 is a perspective view showing a jig used for 
compressing polyurethane foam in a second em- 
bodiment of the present invention; and 55 
Fig. 7 is a side view showing how the jig shown 
in Fig. 6 is used in the final step of the second em- 
bodiment 



DETAILED DESCRIPTION 

Fig. 1 is a partly cutaway perspective view show- 
ing a fuel container as an example of the container 
pertaining to the present invention. Referring to Fig. 
1 , there are shown a container proper 1 , an inlet 2 (for 
gasoline or the like), an outlet 3, and a cavity 4. The 
cavity 4 is filled with compressed polyurethane foam 
5a. 

Fig. 2 is an enlarged fragmentary sectional view 
showing a polyurethane foam, and Fig. 3 is an en- 
larged fragmentary sectional view showing the poly- 
urethane foam in compressed state. 

The polyurethane foam 5 is a reticulated type, 
with its cell membranes removed by an explosion 
method. 

The polyurethane foam 5 is compressed in the di- 
rection of the minor axis of the unit cell constituting the 
foam. The minor axis (indicated by "a") and major axis 
(indicated by "b") of the unit cell can be identified by 
observing the foam with a magnifier. In general, the 
direction of the major axis (b) coincides with the direc- 
tion in which the polyurethane foam expands from the 
liquid raw material in the foaming process, and the di- 
rection of the minor axis (a) is perpendicular to the di- 
rection of the major axis (b). Compressing the foam in 
the specified direction is an important feature. 

The filling of compressed polyurethane foam into 
the cavity of the container is accomplished in the fol- 
lowing manner. 

A piece of polyurethane foam specified below is 
made ready for filling under compression into the fuel 
container 1. It has a cell number of 35 to 40/inch, a 
hardness of 17 to 23 kgf, and an apparent density of 
0.034 g/cm 3 . It is three times as long as the lateral 
length (U) of the container 1 , and It is almost as wide 
as the longitudinal length (L 2 ) of the container. Need- 
less to say, the direction of Lj coincides with the direc- 
tion of the minor axis (a). In other words, this polyur- 
ethane foam is to be compressed in its longitudinal di- 
rection. 

It is important that the polyurethane foam be com- 
pressed uniformly when it is filled into the container. 
Uneven compression may give rise to locally col- 
lapsed cells and wrinkles along which the liquid in the 
container flows. In this state the most advantageous 
results are not obtained. To accomplish uniform com- 
pression, the polyurethane foam is filled into the con- 
tainer along guides attached to the inside of the con- 
tainer. The guides (hot shown) are made of f luoro- 
plastic to ensure smooth filling. In this embodiment, 
the guides are in the form of flexible thin plate of flu- 
oroplastic attached to the inside of the container. 

When the polyurethane foam 5a has been uni- 
formly filled into the container, the compressed poly- 
urethane foam is in the state as shown in Fig. 3. That 
is, individual cells are thinned and compressed in the 
direction of the minor axis (a). 
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The polyurethane foam 5a is filled into the con- 
tainer through the side 6 (shown in Fig. 1), which is 
closed afterward. 

In this embodiment, the polyurethane foam 5 is fil- 
led into the container while it is being compressed. In 5 
another embodiment, it is possible to fill the container 
with previously compressed polyurethane foam. In 
this case, compression may be accomplished by ther- 
mal compression. Thermal compression, however, 
has a disadvantage that compression takes place 10 
more in the outer part in contact with the press than 
in the core. This leads to uneven compression and the 
incompletely compressed part of the foam permits the 
liquid to pass more than the completely compressed 
part. This is detrimental to the uniform discharging. 15 
Therefore, it is necessary to choose a suitable meth- 
od for compression according to the properties of the 
liquid to be held in the container. 

The compression of the polyurethane foam and 
the filling of the compressed polyurethane foam into 20 
the container are carried out in the following manner. 
(Compression is in the direction of the minor axis (a) 
of the unit cell constituting the polyurethane foam, as 
shown in Fig. 2.) 

Fig. 4 is a perspective view showing a jig used for 25 
compressing and filling the polyurethane foam in one 
embodiment of the present invention. There is shown 
a frame 10 in which the polyurethane foam 5 is fitted. 
This frame 10 is provided with three pushers. A first 
pusher 11 is arranged in the lengthwise direction of 30 
the frame 10. The polyurethane foam 5 is placed in the 
frame 10 such that the direction of the minor axis of 
the unit cell is perpendicular to the surface of the 
pusher 11 and the direction of the major axis of the unit 
cell is vertical. 35 

With the polyurethane foam placed in the frame 
as mentioned above, the first step begins. That is, the 
first pusher 11 is moved in the direction A so that the 
polyurethane foam 5 is compressed in the direction of 
the minor axis (a) until the pusher 1 1 reaches the pos- 40 
ition P, as shown in Fig. 4. The compression ratio is 
about 1/3. 

In the first step, it is important that the polyur- 
ethane foam be compressed uniformly. Locally con- 
centrated compression will give rise to locally col- 45 
lapsed cells which form wrinkles. Such wrinkles 
cause the liquid in the container to flow along them. 
Thus uniform compression is important for good re- 
sults. 

Uniform compression is ensured by the guides 13 50 
of fluoroplastic film attached to the inside 12 of the 
frame 10, as shown in Fig. 4. 

In this embodiment, the first step of compressing 
the polyurethane foam 5a is followed by a substep of 
slightly adjusting the amount of compression in the di- 55 
rection B horizontally perpendicular to the direction of 
compression in the first step. This substep is accom- 
plished by the aid of the second pusher 14. 



In the second step, the compressed polyurethane 
foam is pressed by the third pusher 15 in the direction 
C vertically perpendicular to the direction of the com- 
pression in the first step. In the final step, the com- 
pressed polyurethane foam 5a is moved from the 
frame 1 0 into the container 20 placed under the frame 
1 0. In this way, the polyurethane foam is filled into the 
container 20. 

Fig. 5 is a side view showing how the final step 
shown in Fig. 4 is carried out. There are shown sliders 
of fluoroplastic film 22 suspending on the inside 21 of 
the container 20. They ensure smooth filling of the 
compressed polyurethane foam 5a into the container 
20. 

As mentioned above, the method comprises a 
first step of compressing the polyurethane foam in the 
direction A in the frame 10 along the guide 13 of flu- 
oroplastic film, an optional substep of slightly adjust- 
ing the amount of compression in the direction B 
(which is horizontally perpendicular to the direction of 
compression in the first step) so that the compressed 
polyurethane foam fits in the container, a second step 
of pressing the polyurethane foam in the direction 
which is vertically perpendicular to the direction of 
compression in the first step, and finally pushing the 
compressed polyurethane foam (in the direction C) 
into the container along the sliders 22 of fluoroplastic 
film. Thus the polyurethane foam is uniformly com- 
pressed and filled into the container. 

The polyurethane foam filled into the container is 
compressed in the direction of the minor axis (a) of the 
unit cell as shown in Fig. 3. Being uniformly com- 
pressed without wrinkles, the polyurethane foam pre- 
vents the sloshing of liquid and produces a strong ca- 
pillary action. 

Fig. 6 is a perspective view showing the jig used 
in the second embodiment There is shown a frame 30 
in which the polyurethane foam 5 is fitted. The frame 
30 is provided with four pushers. A first pusher 31 and 
a second pusher 32 are arranged in the lengthwise di- 
rection of the frame 30. The pushers 31 and 32 are 
provided with extended parts 31a and 32a, respec- 
tively. It is these extended parts which actually com- 
press the polyurethane foam. They should preferably 
be coated with teflon® so that their surface has a low 
coefficient of friction. 

At first the polyurethane foam 5 is placed in the 
frame 60 in such a manner that the minor axis of the 
unit cell is perpendicular to the surfaces of the push- 
ers 31 and 32, as in the case of the foregoing embodi- 
ment. The pusher 32 is moved to the position G, and 
then the pusher 31 is moved (against the pusher 32) 
to the position E, so that the polyurethane foam is 
compressed between the pushers 31 and 32. With the 
polyurethane foam compressed, the pushers 31 and 
32 are moved to the positions F and G, respectively. 
The distance between the positions F and G is equal 
to that between the positions G and E, and the posi- 
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tion F is the position where the pusher 32 was origi- 
nally present. 

In this state, the container 40 is engaged with the 
extended parts 31a and 32a. Finally, the third pusher 
33 is moved downward to push the compressed poly- 
urethane foam into the container 40 along the extend- 
ed parts 31a and 32a. Fig. 7 is a sectional side view 
showing how the compressed polyurethane foam 5a 
is pushed downward into the container 40 by the third 
pusher 33. 

Incidentally, the fourth pusher 34 has a flat plate 
35 which penetrates the extended part 31a. This flat 
plate 35 is intended to press down the top of the poly- 
urethane foam 5 before-hand. It is actuated before the 
step of compressing the polyurethane foam 5. It may 
be necessary depending on the size and properties 
of the polyurethane foam to be compressed. 



Claims 



polyurethane foam into a container along at least 
one guide piece positioned by the inner wall of the 
container. 

5 8. A method according to claim 7 which further com- 
prises a sub-step of adjusting the amount of com- 
pression in the direction horizontally perpendicu- 
lar to the direction of compression, said sub-step 
following the first step. 

10 

9, A method according to any one of claims 6 to 8 
wherein the guides and guide pieces have low- 
friction surfaces. 

15 10. A method according to claim 9 wherein the low- 
friction surface is a f luoroplastics surface. 

11. Use of a container according to any one of claims 
1 to 5, for containing liquid. 

20 



1. A polyurethane foam-filled container, filled with 
polyurethane foam of open-cell structure, charac- 
terised in that the foam filling is in a state of com- 
pression, substantially in the direction of a minor 25 
axis of unit cells of the foam. 

2. A container according to claim 1, wherein the 
polyurethane foam has a compression ratio of 1/2 

to 1/10 and a cell number of 20 to 100/inch (8 to 30 
40/cm). 



3. A container according to claim 1 wherein the poly- 
urethane foam has a compression ratio of 1/1 to 

1/5 and a cell number of 50 to 100/inch (20 to 35 
40/cm). 

4. A container according to any one of the preceding 
claims wherein the polyurethane foam is filled in 

a mechanically compressed state. 40 

5. A container according to anyone of the preceding 
claims in which the foam is substantially uncom- 
pressed in the direction of the major axis of the 

unit cells. 45 

6. A method of making a container filled with open- 
cell polyurethane foam, characterised by com- 
pressing the foam, substantially in the direction of 

a minor axis of unit cells thereof. so 

* 

7. A method according to claim 6 comprising a first 
step of compressing the foam to a predetermined 
extent along guides in the direction of the minor 
axis of the unit cells, and a second step of moving 55 
the compressed polyurethane foam in the direc- 
tion perpendicular to the direction of compression 

in the first step, thereby filling the compressed 
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(g) Disclosed herein is a polyurethane foam-filled 
container of the type wherein the cavity is filled 
with polyurethane foam of open-cell structure, 
characterized in that the foam is filled in com- 
pressed state and the compression is effected 
in the direction of the minor axis of the unit cell 
constituting the foam. The container Is suitable 
as fuel tanks and ink and paint reservoirs. Also 
disclosed herein is a method for filing 
polyurethane foam into a container. 
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